This paper reports comparative results of two pilot plant technologies applied for iron and manganese removal from groundwater as part of the drinking water treatment. The first technology (FOF) consisted of a two step filtration by using Romanian natural zeolite of two granulations, and ClO 2 as an oxidant and disinfecting agent. ClO 2 injection was split between two columns filled with two different granulation of Romanian zeolite used as filters. The second technology (OFMU) consisted of ClO 2 oxidation, one step filtration by using Romanian natural zeolite, and microfiltration-ultrafiltration. The first technology achieved good performance. The residual concentration of iron and manganese decreased below the allowed maximum concentration (0.2 mg*L -1 for iron and 0.05 mg* L -1 for manganese). The second technology indicated a good performance only for iron removal, while the residual concentration of manganese was over the allowed maximum concentration.
Introduction
Groundwater has been used for household, livestock and irrigation since the earliest times [1] . The natural chemical quality of groundwater is generally good, but high concentrations of certain constituents can cause problems [2] .
Iron and manganese cause organoleptic and operating problems when they are present in groundwater as Fe(II) and Mn(II). The processes available for their removal are either physico-chemically or biologically based [3] .
Based on high cation-exchange ability as well as molecular sieve properties, natural zeolites (as cheap materials and easily available in large quantities in many parts of the world) show special importance in water and gas purification, adsorption, catalysis, agriculture and aquaculture [4] .
Clinoptilolites have been found to have a high heavy metal sorption capacity, especially for manganese removal [5] .
Chlorine dioxide has attracted significant commercial attention not only due to environmental concern but also due to its wide application in the field of oxidation and disinfection [6] . Chlorine dioxide (ClO2) is one of the readily available alternatives to chlorine for disinfection and oxidation during the treatment of drinking water treatment [7] .
Membrane technology (microfiltration and ultrafiltration) is well-known for the treatment of continental water for drinking water or process water production [8] .
This paper aimed at evaluating the results of two pilot plants technologies used to treat aerated water from groundwater drinking treatment plant (WTP) of Timisoara city, Romania. The results are focused on iron and manganese removal, because these parameters are problematic as part of the conventional groundwater drinking treatment technology in Timisoara city. In addition, the residual concentration of chlorine dioxide was checked. The evaluation of other parameters that characterize drinking water is beyond the scope of this paper.
Experimental part

Investigation steps
Two pilot plants technologies described below were taken into consideration as part of this study. Water resulting from the aeration stage of the existing conventional treatment was used as the feed.
To compare the efficiency of both applied technologies total iron, total manganese and chlorine dioxide parameters were determined.
Pilot plants equipment
The first pilot plant (FOF) consisted of two steps of filtration on various zeolite granulation (1÷5 mm for filter 1, and 0.4÷1.6 mm for filter 2), separated by the oxidation step with chlorine dioxide. The flow rate for filter 1 was D 1 = 80 L/h, and D 2 = 60 L/h for filter 2. The technological scheme of this pilot plant is presented in the figure 1.
The second pilot plant (OFMU) consisted of the first step of oxidation with chlorine dioxide, the second step of filtration on zeolite of 1÷5 mm granulation, followed by microfiltration-ultrafiltration module. The microfiltration was a spiralled filter cartridge, model CA-0804-04 OF 50 microns, followed by an ultrafiltration membrane made of hollow fibres, with tangential ultrafiltration TRIHIGH, model CLN4000No (50-70 KDalton). The module was manufactured by PIASA Engineering & Trading S.A., U.S.A. The flow rate on zeolite was 100 L/h. The flow rate for microfiltration-ultrafiltration module was 200 L/h. The technological scheme of pilot plant is presented in the figure 2. For both applied technologies, the inside diameter of columns equipped with zeolite was d =125 mm, and the height was H=1 m.
To equip the column filter, the studied zeolite came from Mirsid (Romania), with clinoptilolite (68% wt.) as major component and the following composition (% w/w): 62.20% SiO 2 ; 11.65% Al 2 O 3 ; 1.30% Fe 2 O 3 ; 3.74% CaO; 0.67% MgO; 0.72% Na 2 O; 3.30% K 2 O; 0.28% TiO 2 [9] .
The concentration of total manganese, total iron and chlorine dioxide was determined. The quantitative determination of manganese was based on the Romanian standardized methods, i.e., SR ISO 3264-87 for manganese [10] and SR ISO 13315-96 for iron [11] . ClO 2 determination was made based on American Standard Method as DPD Method [12] . ClO 2 was prepared in-situ by using Oxiperm C164 Fully-Automatic Chlorine Dioxide Generation System, manufactured by Alldos Eichler GmbH, Germany, by using HCl and NaClO 2 solutions as reagents. The applied ClO 2 dose was calculated taking in account the reaction stoichiometry for the oxidation process of manganese and iron ions (equations 1, 2 and 3). The total removal efficiency for all parameters monitored was calculated by using equation 4: E = (C initial -C final )⋅100/C initial (4) where C initial and C final represent initial and final concentrations of each parameter before and after technology application.
The maximum allowed contaminant level for drinking water is as follow: 0.2 mg/L for iron, 0.05 mg/L for manganese [13] and 0.8 mg/L for chlorine dioxide [14] . Table 1 shows the feed water quality with respect to total manganese and total iron concentrations before the application of both pilot plant technologies. Table 2 shows the values of residual total manganese concentration after the application of both pilot plants. The results revealed that by using FOF technology, at ClO 2 dose corresponding to R=1, the value of manganese residual concentration varied between 0.01 and 0.05 mg/L, which is below maximum allowed concentration, while by using OFMU at ClO 2 dose corresponding to R=0.8, the values varied between 0.03 and 1.10 mg/L, exceeding the maximum allowed concentration in most cases. Figure 3 shows the global efficiency of total manganese removal for both applied technologies. The removal efficiency of FOF technology at ClO 2 dose corresponding to R=1 varied from 92.06 to 98.61%, and from 62.10 to 86.96% for OFMU technology at ClO 2 dose corresponding to R=0.8. The total manganese removal efficiency for the first applied technology was better than for the second one, which involved the microfiltration-ultrafiltration module. 
Results and discussion
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Figure 3:
The evolution of total manganese removal efficiency for both applied pilot plant technologies; 1-FOF (R=1), 2-OFMU (R=0.8). Studies were carried out for other ratio of ClO 2 dose. For both technologies, the high ClO 2 dose led to very good results related to the manganese removal, but the residual ClO 2 concentration in the effluent was an additional problem. This aspect will be discussed in the next section.
Total iron removal
For both of the applied technologies the total iron residual concentration was below the maximum allowable concentration. The results shown in table 4 , give values of total iron concentration in pilot plants effluent. The results reveal that by using FOF technology and ClO 2 dose corresponding to R=1, the value of manganese residual concentration varied from 0.01 to 0.02 mg/L, while by using OFMU technology and ClO 2 dose corresponding at R=0.8, the values varied from 0.00 to 0.04 mg/L. 
Figure 4:
The variation of total iron removal efficiency for both applied technologies; 1-FOF (R=1), 2-OFMU (R=0.8). Figure 4 shows the results of total iron removal efficiency. The values obtained are 99.10÷99.67% for the FOF technology for ClO 2 dose corresponding to R=1, and 80.00÷100.00% for OFMU technology, for ClO 2 dose corresponding to R= 0.8. Table 5 shows the values obtained for total iron for other ratios of ClO 2 dose. For all situations, residual total iron concentration was below the maximum allowed concentration. Table 6 shows the values of residual ClO 2 concentration for both applied technology. In both cases, the value did not exceed the maximum allowed concentration. The interval of residual concentration of ClO 2 varied from 0.11 to 0.18 mg/L for FOF technology, for ClO 2 dose corresponding at R=1, and from 0.06 to 0.20 mg/L for OFMU technology, for ClO 2 dose corresponding to R=0.8. The values of total reduction degree by ClO 2 for both applied technology are presented in figure 5 , which shows 74.55÷97.86% for FOF technology, for ClO 2 dose corresponding at R=1, and 84.15÷91.21% for OFMU technology, for ClO 2 dose corresponding to R=0.8.
Total reduction degree by chlorine dioxide
The results obtained for other ratios of chlorine dioxide are shown in table 7 . For all situations, the residual chlorine dioxide concentration was below the maximum allowed concentration. 
Conclusions
For both applied technologies, the oxidation process was carried out by using ClO 2 at different doses for iron and manganese oxidation. In the case of FOF application, the optimum ratio related to ClO 2 dose was R=1, corresponding to a residual concentration of total iron below maximum allowed concentration, and the removal efficiency of 99.10 ÷ 99.67%. The residual concentration of manganese removal was situated below the maximum allowed concentration, and the removal efficiency was 92.06÷98.61%. Chlorine dioxide residual concentration was below maximum allowed concentration. The results obtained by the OMFU technology showed the iron residual concentration below maximum allowed concentration at R=0.8, with removal efficiencies of 80.00÷100%, but the residual concentration of total manganese was higher than the maximum allowed concentration, with removal efficiencies from 62.10 to 86.96%.
By comparing both applied technologies, the main finding is that FOF technology gave better results with respect to the iron and manganese ions removal.
